Additional Indexing Words: Pericardiocentesis Pericardiectomy
Venous pulse PERICARDIAL disease that results in compression of the heart is usually classified as chronic constrictive pericarditis or as cardiac tamponade, the former consisting of constriction by a fibrotic fusion of visceral and parietal pericardial layers, and the latter consisting of tense effusion into a free pericardial space. A mixed "effusive-constrictive" condition in which there is constriction of the heart by the visceral pericardium in the presence of tense effusion in a free pericardial space has been less often described, and clinical and hemodynamic features that distinguish these cases from other forms of pericardial disease have not been clearly delineated. For this reason, 13 patients with subacute effusive-constrictive pericarditis seen in the past decade are described in this report. Received August 11, 1970 ; revision accepted for publication September 29, 1970. Circulation, Volume XLIII, February 1971 Radiation heart disease tive pericarditis at the Stanford University Hospital during 1960-69, and one additional patient had surgery elsewhere after clinical study and cardiac catheterization at Stanford. On the basis of preoperative studies and the findings at the time of operation, this group of 24 proven constrictive cases could be classified according to the pathophysiological nature of the constrictive disease into four groups (table 1). The effusiveconstrictive condition was found at the time of operation in nine patients. In six of them a combined pericardiocentesis and cardiac catheterization had been performed preoperatively, and in each instance it was demonstrated that the right atrial pressure remained elevated after the intrapericardial pressure was reduced to normal levels by removal of pericardial fluid ( fig. 1 ). In one other patient preoperative pericardiocentesis failed to relieve signs and symptoms, but pressure measurements were not made; the two remaining patients did not have pericardiocentesis. Effusiveconstrictive pericarditis leading to constrictive disease was demonstrated in four patients. Each had pericardiocentesis with cardiac catheterization, showing persistent elevation of right atrial pressure despite reduction of intrapericardial pressure to normal, but at the time of operation, at 11 days, 35 days, and (in two patients) 15 months later, effusion was no longer present, being replaced by a complete fibrotic fusion For the purpose of comparison of certain hemodynamic features in pericardial effusion and pericardial constriction, an additional group of seven patients with pericardial tamponade without constriction was assembled. These were patients who had combined pericardiocentesis and cardiac catheterization, at which time it was shown that elevated right atrial pressure did fall to normal when the intrapericardial pressure was lowered to normal by removal of pericardial fluid. Four of these patients subsequently had pericardiectomy for the relief of recurrent tamponade, and the nonconstrictive character of the visceral pericardium was confirmed by direct observation.
The Paradoxical pulse was more prominent in the effusive-constrictive cases than in those with noneffusive constriction, and was similar in degree to that seen in cardiac tamponade (table 2) . In general the paradoxical pulse was readily palpable at the radial pulse during quiet breathing in both groups of patients with pericardial effusion, and not palpable in those with classic noneffusive chronic constrictive pericarditis.
A third heart sound ("pericardial knock") was found by clinical auscultation more often in noneffusive chronic constriction than in either group with effusion (table 2) . Phonocardiograms were done in three of the effusive-constrictive cases, two with and one without a clinically audible third sound, and showed a third sound in each instance. The third sounds in these patients occurred from 0.08 to 0.12 sec after the aortic second sound and could not be distinguished clinically or in the graphic recording from the "knock" of chronic constrictive pericarditis.
The electrocardiograms in all three groups showed a similar degree of low voltage and flat or inverted T waves characteristic of pericardial disease. None of the effusiveconstrictive cases showed diffuse S-T segment elevation suggestive of acute pericarditis at the time of hemodynamic study or operation, although this had been present in previous electrocardiograms in some patients. Abnormally peaked, broad, or notched P waves were less frequent in the effusive-constrictive patients than in those with noneffusive chronic constriction, and the only patient with atrial fibrillation was in the latter group (table 2) . No patient in this series had electrical alternans.
Chest X-rays showed enlarged cardiomediastinal silhouette in all of the effusiveconstrictive cases, often markedly enlarged ( fig. 2) . Air was introduced into the pericardial space in most of the patients who had pericardiocentesis, and subsequent X-ray views showed normal or reduced size of the heart, itself, and notable thickening of the parietal pericardium ( fig. 3 ). Only two patients in the chronic constrictive group had distinct cardiac enlargement, both with recurrent constriction after previous pericardiectomy, in one instance 20 years previously.
Pericardial calcification was not present in any of the effusive-constrictive cases.
Right atrial pressure was higher on the average in the effusive-constrictive cases than in those of chronic constriction, and after removal of the pericardial fluid it tended to fall to approximately the level seen in the latter group (table 3) . This corresponded to a generally more severe clinical syndrome in the effusive group, and suggested that the degree of constriction was similar in the two conditions, with an added element of cardiac tamponade in those with associated effusion. 
Figure 3
Frontal chest X-ray views in a patient with idiopathic subacute effusive-constrictive pericarditis before and after pericardiocentesis with air introduced into the pericardial space. Heart size is normal, and the pericardium is thickened.
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*Classified according to the relative depth of the systolic (x) and diastolic (y) dips.
Right atrial pulse contours, classified according to the relative prominence of the systolic x and diastolic y descents, also differed in the three types of compressive pericardial disease. Nonconstrictive tamponade cases showed a predominant systolic descent (pure x or x > y), and noneffusive constrictive cases showed a predominant diastolic descent (x = y or x < y). The effusive-constrictive cases were intermediate, showing predominant x or equal x and y, but never a predominant y descent as was seen in the majority of noneffusive chronic constrictive cases. After removal of the pericardial fluid the patients with nonconstrictive tamponade regained a normal right atrial pulse contour, and the effusive-constrictive patients reverted to a contour with a more prominent y descent. The characteristic x > y pulse of effusionconstriction and the x <y pulse of pure constriction are illustrated in figure 4 , in the same patient before and after removal of pericardial fluid.
Kussmaul's sign, defined as a rise in right atrial mean pressure with inspiration, was less frequent in the two effusive groups than in pure constriction ( Table 4 Characteristics of Pericardial Fluid in 13 Medical therapy with various combinations of digitalis, diuretics, anti-inflammatory drugs, and pericardiocentesis was carried out in all patients before surgery was recommended. Despite temporary improvement the underlying constrictive disease remained very evident. Corticosteroid therapy was used in several instances, and was associated with prompt relief of fever and chest pain, but had no effect on constriction. One patient deteriorated rapidly during corticosteroid therapy and required emergency pericardiectomy.
The operative findings in the effusiveconstrictive cases were generally uniform in that each patient showed extensive thickening of both the visceral and parietal pericardial layers, with a free pericardial space containing 100-500 ml of fluid under some tension. The degree of thickening of the visceral pericardium and the degree of its adherence to the underlying myocardium was markedly variable from patient to patient, and occurred in different areas of the heart in individual patients. The visceral constriction was often more severe over the right side of the heart than elsewhere and usually extended over the venae cavae; none of the patients in this series had any localized constriction of the venae cavae, however. In the four patients who had surgery in a later noneffusive constrictive phase there was a distinct plane of dissection tincludes one late death unrelated to heart disease. Circulation, Volume XLIII, February 1971 between the parietal and visceral layers, and both layers appeared to contribute to the constriction.
The operative procedure consisted of removal of all of the parietal pericardium except the portions containing the phrenic nerves, and the removal of various amounts of the visceral pericardium, depending on the extent and severity of visceral constriction. The visceral pericardiectomy was often difficult and time-consuming, requiring sharp dissection of many small fragments. Usually the anterior and lateral surfaces of the heart could be decorticated well, but not the posterior and diaphragmatic areas.
Histopathologic examination of the resected portions of pericardium showed fibrotic thickening, fibrin deposition with organization, and variable nonspecific inflammation. Proliferation of pericardial mesothelial cells was frequent, and one patient showed marked foreign body reaction to cholesterol crystals. The findings were not distinctively different in the idiopathic and radiation cases. There were two deaths in the early postoperative period, both due to acute cardiac dilatation and congestive heart failure in young men with idiopathic subacute effusive-constrictive pericarditis. Postmortem examination showed no specific myocardial disease in either, but their hearts were small, with myocardial atrophy and focal hyaline and fatty degeneration. A third patient, who had had 8000 rads to the mediastinum for Hodgkins' disease, had a poor clinical result with persistent congestive heart failure and died 6 months after pericardiectomy. Postmortem examination showed extensive myocardial and endocardial fibrosis similar to that seen in other patients with severe radiation heart disease. The three patients who died of heart disease were all in the group of nine who had surgery while in the effusive-constrictive phase.
Late follow-up in the remaining 10 The operative results in the 11 patients with chronic constriction not known to have been preceded by an effusive-constrictive phase are also given in table 5. The only death occurred in a patient with severe radiation heart disease who failed to improve and who died one month after pericardiectomy; postmortem examination showed radiation myocardial fibrosis and, elsewhere in the body, widespread recurrent reticulum cell sarcoma. Another patient with less severe radiation heart disease had moderate improvement from pericardiectomy but continues to show signs of restrictive heart disease, presumed caused by myocardial fibrosis. Another patient, with idiopathic pericarditis and two previous pericardiectomies had moderate improvement followed by deterioration, and 1%4 years after surgery had a fourth pericardiectomy. At this time a histopathologic diagnosis of pericardial mesothelioma was established, and it was considered likely that this accounted for her previous pericardial disease as well. The remaining eight patients have maintained excellent clinical results during the follow-up period to date ( This has been discussed in terms of elastic and inelastic forms of cardiac compression.21 ' 32 Tamponade is an elastic form of compression, exerting a cushion-like action throughout the cycle, so that the least compression is in systole when the heart size is smallest. Chronic constriction is inelastic and the heart is compressed abruptly when it exceeds a critical size during the diastolic filling; ventricular filling evidently occurs almost entirely in the protodiastolic phase, and filling is at least relatively more rapid than ejection. Rapid systolic ejection associated with well-functioning myocardium has also been suggested as the basis for the prominent x descent in the right atrial pulse of some patients with constrictive pericarditis.334
The more prominent paradoxical pulse in cardiac tamponade than in chronic constriction has also been well described but not fully elucidated. Paradoxical pulse is now recognized as occurring in association with the normal phasic inspiratory augmentation of venous return to the heart.35' 36 Flowmeter studies indicate that in tamponade this phasic variation in venous return with respiration is present just as it is normally, but in chronic constriction it is not present.31 Perhaps the difference lies in the principle that in tamponade the compressing force itself is decreased by the inspiratory fall in intrapleural pressure surrounding the heart, whereas in chronic constriction the inelastic constricting force is independent of surrounding pressure variations.
Mounsey37 pointed out that the third heart sound in constrictive pericarditis is likely to be absent when the ascent of pressure following the y dip in the right ventricular pulse is not so rapid as usual. This might explain the absent third sound in the patient illustrated in figure 4 , but a systematic review of the right ventricular pressure pulses did not show a less distinctive dip-plateau contour in the effusiveconstrictive cases than in those of noneffusive constriction. Muffling of heart sounds by intervening fluid was suggested by Wood1 as an explanation for absent third sounds with cardiac tamponade; this would be supported by the one patient in the present series who had a third sound in the phonocardiogram that was clinically inaudible.
The natural history of effusive-constrictive pericarditis appears to be the progression into noneffusive chronic constrictive pericarditis, usually in less than a year. This was not altered by corticosteroid therapy. All of the cases in the present series, which were identified by studies during combined cardiac catheterization and pericardiocentesis, required surgery either sooner or later.
Whether surgery is best advised during the active effusive-constrictive phase or during the later chronic constrictive phase is not easily determined. Surgery has often been considered to be more readily accomplished in the effusive stage, but this perhaps applies more to the parietal pericardiectomy than to the more difficult visceral stripping procedure. In this series the policy was adopted of advising surgery whenever the signs and symptoms indicated sufficiently severe constriction to Circulation, Volume XLllI, February 1971 warrant it. The surgical results were generally satisfactory in both groups. The two patients who died after surgery in the effusiveconstrictive phase were unusually severe cases and would not have been expected to survive until a later noneffusive stage. If adequate pressure records are obtained during pericardiocentesis the decision for or against early pericardiectomy is usually made without difficulty.
